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OO0 oanoiT MO/Ies I Me30MEeXaHUKN pa3pyHIeHU
OPTOTPOMHOTO MaTepuaJia ¢ pa3HbIMU IIpejieJaMu
MIPOYHOCTHU NMPU PACTAKEHUU U CKATUU

(IIpedcmasaeno axademurom HAH Yrpauno. B. /. Kybenko)

On the basis of the model proposed by the authors, the problem of the fracture of an orthotropic
plate with crack under biazial loading is solved in the case where the material of a plate has
different ultimate stresses under tension and compression. The fracture of a material can be
described by the Goldenblat—Kopnov criterion. The strength diagrams for the orthotropic plate
with crack for different parameters of strength and crack resistance are obtained.

Bo Bropoit momoBure XX cTO/IETHST B OCHOBHOM 3aBEPINIIOCH (DOPMUPOBAHNE JIMHEHHON 1 HEKO-
TOPBIX PA3JIe/IOB HeJTMHEHHON MeXaHUKN pa3pylneHus. JluwHeiiHas MexaHuKa pa3pyIleHus, KOTO-
pasi basupyercsa Ha Teopusix I'puddurca—pBuHa n KoHIenmun Ko3p@OUINEHTOB NWHTEHCHBHO-
CTU HaIPAXKCHUI, & TaKKe HeJlnHellHad MeXaHUKa pa3pylleHusl, B OCHOBE KOTOPOI JIEXKUT Teo-
pus YepenanoBa—Paiica 1 KOHIENIINSA SHEPIreTUIECKOI0 MHBAPUAHTHOIO J-MHTErpaJa, sBJISIOTCS
MaKpPOTEOPHUSIMU, TIOCKOJIBKY OHH HEe PACCMaTPUBAIOT (DUBNIECKHIE OCOOEHHOCTU PA3PYIIEHUS Pas3-
HBIX KJIACCOB MATEPHAJIOB. B CBSA3M € 9THM MeEXaHHUKa IIPOIECCa pa3pyIlleHus JJIsd STUX TeOPHil
OCHOBBIBAETCS JIUITh HA MaKPOMEXaHUIECKUX CBOMCTBAX MATEPHUAJIOB.

B mocnennme rompl B MEXaHHMKE Pa3pyIIeHUs] IOJIYYH Pa3BUTHE JIBYXYPOBHEBBINA IIOIXO/I,
KOrJ[a HAa MaKpOYpPOBHE, B OOJIbIIIEH YacTh TeJa C TPEIMHONW, IPUMEHSIOTCS METOMbI MEXaHUKH
CILJIOIITHOM CpeIbl, & Ha BTOPOM ypOBHE, B 30HaX Ipeapa3pylieHus BOIU3U (HPPOHTA TPEIIMHEI,
B KOTOPBIX IIPOHU3OIILIO YACTHIHOE PA3pPyIIeHNe MaTepuasia, MCCIeIOBaHIe MPOIEcca pa3pylie-
HUST TPOBOIUTCS € TOMOIIBIO CHEITU(MUIECKOTO MOJIEINPOBaHUs (DUNIECKUX OCODEHHOCTEH KOH-
KpPETHBIX MaTepHuaJioB. Takoil moIxoi B HaCTOsINee BpeMsi Ha3bIBAIOT ME30MEXaHHUKON pas3py-
menns [1, 2]. Meroapl Me30MexaHKU pa3pylleHus [O3BOJISIOT U3y4YaTh MPOLECCHI PAa3PyIIIeHs]
Pa3HOOOpA3HBIX €CTECTBEHHBIX U MCKYCCTBEHHBIX MATEPHAJIOB, TAKUX KaK I'OPHBIE MOPOILI, Jpe-
BecuHa, OETOHBI, KePaMUKa, IIOJTUMEPDI, KOMIIO3UTHI U JIP.

Kak moka3pIBaioT 3KCIIepUMEHTDI, BO MHOIUX CJIydasiX 30HbBI IIPeIpa3pyIIeHusl B TOHKHUX ILJIac-
THHAX IPEICTABIAIOT COOO y3KMe KJINHOOOpa3Hble 00JIACTH Ha MPOIOJIZKEHUN TPEIUH U3 He-
CILIOIIHOTO HOJIypa3pyiineHHoro marepuana [3, 4|. OcHOBBIBasiCh HA STUX IKCIEPUMEHTATLHBIX
JAHHBIX, B pabore [5| mpeiozkena Mojiesib 30HbI IPeIpa3pyIIeHns, KOTopasl AaHAJIOIMIHO MOJIEJIN
JleonoBa—Ilanacioka—/larmeiina paccMarpuBaeT 30HY IpeIpa3pylleHus B BIIe pa3pesa, K bepe-
raM KOTOPOI'O IIPHUJIOXKEHBI CaMOypPaBHOBEIIIEHHBIE CXKUMAaoIne HalpsizkeHnst. OIHAKO B OTJIU-
qre OT IOCJeIHEl, mapaMeTphl IPeIIaraeMoil MOIE/N OINPEIE/IAIOTCSI Ha OCHOBE BBIIOJTHEHUS
KpUTEPHUs IPOYHOCTU MaTepHaJsia B 30HE MPeApa3pyIleHusi, 9TO TO3BOJISIET YINTHIBATEL BJIMSTHUE
yCusuii, IefiCTBYIONUX BIAOJIb IJIOCKOCTH PACIOJIOXKEHIST TPEIUHDI, IIOCKOJIBKY 9TOT0 HEIb3s J0-
cTuYb, IpuMeHsasa Moxeib Jleonosa—Ilanacioka—/larmeitia.

B macrosieii pabore Ha ocHoBe Mozenu [5] u kpurepusi nupounoctu [osbnenbiaara—KomHo-
Ba [6] mccsiemyercst paspyiieHne TOHKONH OPTOTPOIHON IJIACTUHBI C TPEIUHON, MaTepuas KOTo-
poil mMeeT pa3IUYHbIe IIPeIe/Ibl IPOYHOCTH IPU PACTsKeHnn u cxkarun. K TakuMm martepuasiam,
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B IIEPBYIO OYepeIb, OTHOCATCA OETOHBI, apMUPOBaHHbIE OETOHDI, TOPHBIE TOPOIbLI, HEKOTOPLIE BU-
Jbl KOMIIOSHUTOB.

PaccvoTpuM TOHKYIO OPTOTPOIHYIO IJIACTAHY C TPEIMUHON ATHHON 21, PACIIOIOKEHHON BIOJIb
ocu oprorpormu Ox, MO, JeHCTBIEM HOPMAIHHBIX HATPY30K Ha OECKOHEYHOCTH Oy = (, ago =
=p > 0.

Paspymenne maTepuasia IacTUHBI OMUCHIBAETCS KPUTEPUEM ITPOIHOCTH OOIIEro BHUIA:

F(017027Ci) = 07 (1)

rie o1, 0y — IVIaBHbIe HanpspkeHus; C; — MOCTOsIHHBIE MaTepUaJIa.

3oHBI IIpeapa3pyIIeHns, BOSHUKAIOIINE BOIN3U BEPIINH TPEIUH, MOJCIUPYIOTCS JOIOJHH-
TeJIbHBIMH Pa3pe3aMi Ha IPOJOJIXKEHUN TPEINHbI IINHON d, K 6eperaM KOTOPBIX HTPUJIOXKEHBI
CaMOypaBHOBEIIIEHHbIE HAIIPAKEHUA 02, 02. BenencTBue cuMMeTpun 3a/1aund HaIPpaBJICHUSA X, Y
SIBJIAIOTCS TJIAaBHBIMU U, CJIJOBATEJIbHO, HAIIPIKEHU I 02, 02 VJIOBJIETBOPSIOT YCJIOBUIO MPOYHO-
cru (1).

Jtst nccyieoBaHusi BJIUSHAS CBOMCTB MaTepuaJsia Ha IPeJIeTbHOE COCTOSTHUE IIJIACTUHBI C TPe-
IIUHON BOCIIOJIB3YEMCsI PEIleHneM 3aJa<i O HAIPSKeHHO-1e(POPMUPOBAHHOM COCTOSIHUNA OPTO-
TPOIHOM IJIACTUHBI C TPEIIMHON, HAXOIAIIEHCsI O AefiCTBIEM JIBYXOCHOT'O HArpy>KeHusi Ha 6ec-
KOHEYHOCTH, IIOJIyYCHHBIM B [5] IIpuBemeM COOTHOIIEHMSI [JIsT OIIPEIE/IEHIsT OCHOBHBIX ITapaMeT-
POB paccMaTpuBaeMoil 3aja4u, IMOJIyIeHHbIe B [5].

Hampsizkenust B 30HaxX mpeapa3pyIieHus o
HeHU

0
) Oy OIPENEJISIOTCS U3 PEIIeHNsT CHCTEMbI ypaB-

0 _ 0
O-x_ﬁ(o-y_p)"i'q’ (2)
0 0

F(oy,0,,C;) =0,
riae 3 =/ E1/Es, Ey, E3 — MoIy/n yupyroctu BIOJIb OCEeH OPTOTPOIIUH.
Od4eBUTHO, YTO HAIPSI)KEHUST B 30HAX IIPEJIPA3PYIICHUs] 3aBUCAT OT COOTHOIIECHUS MOMIYyJIei
yupyroctu Ey/FEs n nocrosinabix marepuasa Cj, BXOAAMUX B Kpurepuii poanoctu (1).
JlnuHa 30HBI Tpeapas3pyiieHust d ompeaeasercs COOTHOIIEHNEM

l l ™
L = cos 22, 3
L i+d “" 270 )
PackpbiTie B BepmmHax Tpermutbl x| = [, y = 0 umeer Bu;
4Tpoll p
6(1) = — Insec —— 4
() w s g (4)

rie

1 Ey Ey
Ty= —— |2 (/2 - - 5
0 VE. B B ) Ta, (5)

(E1, E2 — Momyu yupyrocTu BJIOJb oceil oprorponun; vig — koadduiment [yaccona; Gia —
MOJLYJIb CJIBUTA).
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Ecnu B kadecTBe KpuTepust pa3pylieHus BbIOPATh KPUTEPUI KPUTUICCKOTO PACKPBITUS TPe-
IIUHBI, TO CTPAruBaHue TPEIUHbI IIPOU30HIET, KOIJ[a PACKPBITHE B BepIINHE TPELIUHbI JOCTUTHET
HEKOTOPOT'0 IPEEIbHOIO 3HAYEHUS

5(1) = 6. (6)
Torya Ha ocHOBaHUU (5) MOJIE TPEIEIbHBIX HAIPY30K (D, Gx) OIPEIEJUM COOTHOIIEHUEM

4T002(p*7 Q*)l In sec TP«

57— = e, 7
7T 200 (P« G+) ()

rjie 0'2 (s, @x) HAXOIMM U3 PEIIeHHs] CUCTEMbI YPaBHEHUil (2) IpU p = Py, ¢ = Gx.
Eciu miactuaa 1mojiBeprayTa ofHOOCHOMY pactszkeHuto (¢ = 0), TO mpejiejibHasi HArpy3Ka
pu oHOOCHOM pacTsizkenun p,’) ompenesnsercs w3 cooTHOMEHNUS:

4To0%(p, @, 0)1 0)
ooy (0,0 e T @®)

T 202 (P ©), 0)
CpasunBast (7) u (8), nomyuaaem:

TP+ TP ©)
= Incos

200(p. .0} (9)
02 (p«(©),0) 202 (Ps, qx) 20—2 (p«(©,0)

Coornorrienrie (9) onpejessieT MoJe MpeIeJbHbIX HATPY30K (Px,@x) B 3aBUCHUMOCTH OT IIpe-
JIeJIbHOI HArpy3KHU MIPU OJHOOCHOM HarpyzkeHuu. 3meHeHme p, ©) o1 0 10 ooy (1Ipesesa IpoIHO-
CTH MaTepuaJia B HallPABJICHUH Y ) COOTBETCTBYET U3MEHEHUIO JJINHBI TPEIIUHBI OT GECKOHETHOCTH
10 0, T.e. OXBATHIBAET BECh IUAINA30H M3MEHEHUS JJIUHBI TPEITUHBI.

[MockosbKy B onpegensiorniee coorHomenust (7), (9) BXOAAT HAIPsIKEHUsT 02, 3aBUCSIIIE OT
[TOCTOSTHHBIX, XapaKTEePU3YIOIINX MeXaHHIeCKHe CBOMCTBA MaTepHuasia, TO OYEBHJHO, UTO IIpe-
JIeJIbHOE COCTOSIHHE ILIACTHHBI TaKxKe OyJeT 3aBUCETh OT 3TUX IOCTOSTHHBIX.

Pacemorpum B KadecrBe Kputepusi npodnocTu Kpurepuii Losbuentiaara—Konuosa [6], yun-
TBIBAIOIIUI pa3/Iddie B COMPOTHUBJIEHNH PACTATMBAIONIUM M CXKHMAIOIIUM HArpy3KaM U 3aBUCH-
MOCTB IIPOYHOCTH MaTepraJja OT 3HaKa KacaTeJIbHBIX HallpsiKeHui. [IJIs II0CKOro HapsizKeHHOTO
COCTOSIHMS TOT KPUTEPUH UMEET BUJL,

c p c p c D\ 2 c D\ 2
oy —0o o5 — 0o 1 o+ o 9 o5+ o 9
L~ %, 2= %4, _{<1Cp1> o (2 72 o2 -

c P c P c
20{0 2050, 2 ooy 505
c PN 2 c PN 2 + -\ 2 2 y1/2
o]+ o0y o5+ 0y Tas + Tus 4Ty, _
N\ ) T\ ) —\ =) |12t =~ =1, (10)
0107 0509 Ta5T45 7o

e o}, of — npesiesbl IPOYHOCTH NpH paCTsAXKEHUH BJOJb oceil 1, 2; 0§, 0§ — mpeesbl mpoaHo-
CTH TIPU CXKaTWUU BIOJB oceil 1, 2; TIS, T45 — TPEIENbl MPOYHOCTH IPH CABUTE IO ILIOIIAIKAM,
HAKJIOHEHHBIM T10J1 yTJI0M +45° 1 —45° K TJIaBHBIM HAIPABJIEHUSIM; To — IIPEIe] IPOIHOCTH IIPU
CIBUI'C II0 IVIaBHBIM HallpaBJICHUAM.

Kpurepuit l'ombaenbiata—KomnnoBa cripaBeijinB Jijisi MATEPUAJIOB, TPOYHOCTHBIE XapaKTEPUC-
TUKU KOTOPBIX MOJYMHSIOTCS YCJIOBHUIO COBMecTHOCTH [6]:

1 1 1 1 1 1

————— + == —-—. (11)
o5 TI5 Ty5
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Ha puc. 1 upuBeseHbl 1pe/iesibHble KPUBbIE Pa3pyIleHus, MOJyueHHble Ha ocHOBaHUM (9), 1JIst
B =0,1 (kpusas 1), f = 0,5 (kpusas 2), 8 = 0,9 (kpusas 3) upu p*(o)/ag = 0,5 u mpeesh-
Hast Kpusas npounocru (10) mus 6esmedexrroro marepuana nupu of /ob = 0,8, of/oh = 0,4,
o5/ob =044, 7/ob = 0,5 (kpusas 4). YBeanuenue cTeneHn aHU30TPOIUI MaTePHAJA 110 MOJLY-
JISIM yOPYTOCTH TIPUBOJUT K POCTY TIPEJIETbHON HAIPY3KHU B 00JIACTH PACTATUBAIOIINX HAIPY30K,
JIEHCTBYIOIUX BIOJb JIMHUN PACHOJIOKEHHs TPEIIMHBI, ¥ K CHUYKCHUIO INPEJIeJbHON HArpy3KU
B 00JIaCTH CXKUMAIONUX HAIPY30K, JEHCTBYIONMX B0 JIMHUN PACIIONOKEHNST TPEITUHDIL.

Ha puc. 2 uzobpazkenbl IpejesbHble KPUBbIE Pa3pyIIeHus, oIy YeHHble Ha ocHoBaHuu (9),
U COOTBETCTBYIOIIME TIpeJieibible Kpusble npounoctu (10) st 6e3medexTHOro Marepuaia Jjist
o$/ol = 0,5 (xpusbte 1, 1'), 0/o} = 1,0 (xpusble 2, 2'), 0f/c] = 2,0 (xpusbie 3, 3’) upn
B =05, p. Vb =05, o¥/oh = 1,0, T/ob = 1,0.

Ha puc. 3 npuseiennl npee/ibHble KPUBbE Da3pyIIeHUs, MOJIyIeHHble Ha ocHoBauu (9),
U COOTBETCTBYIOIIME IIpeJiebHble Kpusble npounoctu (10) st 6e3nedexTHOrO Marepuasa Jjist
o5/ob = 0,5 (xpusbe 1, 1'), 05/0b = 1,0 (xkpusbie 2, 2'), 05/0b = 2,0 (xpusbie 3, 3’) upn
3 =05 p.9/% =05, of/o? = 1,0, 7/0% = 1,0.

BasucumocTn 6e3pasMepHOil IIpe/IesIbHO HATPY3KH Dy /0 OT COOTHOIMIEHUsI IIPe/IeNIOB IPOY-
HOCTH IIPH C’KATHU U PACTsZKEHHH BJOJNb OCH y 0%5/0h u Broas ocun x of/ch upusenensr na
puc. 4, a u puc. 4, 6 COOTBETCTBEHHO /11 PA3/IMIHBIX 3HAYCHUI HATDY3KH, JIefiCTBYOMIEH BIOIb
JIMHUE PaCIONozKeHust Tpemussl ¢/oh — 0,8 (xpusas 1), —0,5 (xpusas 2), —0,1 (kpusas 3), 0,1
(kpuBas 4), 0,5 (kpusas 5), 0,8 (kpusas 6) upu of/ob = 1,0, 7/0b = 1,0. Kak crenyer uz
NPUBEJIEHHBIX PE3YJILTATOB, PA3/INIHe IPEIEIOB NPOYHOCTH MATEPHAJIA [IPH PACTAKEHUN U C2Ka-
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p/o, p/oy .
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0,6 2 4
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072 1 1 1
1 2 3 4 o, /o)

Puc. 4

TN 110 KazKJIO0OMY HalIpaBJICHUIO OKa3bIBacT CYIIECTBEHHOC BJIMAHUE Ha IIPEJCJIbHOE COCTOAHHE

OPTOTPOITHON ILJTACTUHBI C TPEITUHON.

Takum o6pa30M, opeJjiozKeHHasd BbIIIE MOAEJ/Ib JacT BO3MO2KHOCTBHL HCCJIECA0BaTh IIPEIC/Ib-

HO€e COCTOsTHVE MaTepUaJiOB C PA3HBIMH IIpejielaMi IIPOYHOCTH Ha PaCTsKeHHe U CXKaTue, UITO

ABJIAETCS €€ CYIIEeCTBEHHBIM IPEUMYIIECTBOM II0 CpaBHEHUIO ¢ Mojesbio JleonHosa—Ilanacioka—
Jarmeitia. lannas Moae/b pa3pyIieHns TO3BOJISIET IPOrHO3UPOBATEH TPEITUHOCTONKOCTD MHOTUX
KOHCTPYKIIMOHHBIX OPTOTPONHBIX MAaTEPUAJIOB B YCJIOBUIX JIBYXOCHOTO HAT'PYKEHU.
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